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DESCRIPTION 
AIR HEATER UNIT FOR VEHICLE AND 
AIR HEATER SYSTEM FOR VEHICLE 

TECHNICAL FIELD 
The present invention relates to an air heater unit for a vehicle and 
an air heater system for a vehicle. 

. BACKGROUND ART 
Various types of air heater units for vehicles have conventionally been 
proposed (for example, see Patent Document 1, Patent Document 2, Patent 
Document 3, and Patent Document 4). Each of these air heater units for 
vehicles is provided with an electrothermal heating element (heater 
element) and placed in for example an air intake path of an internal 
combustion engine to heat intake air. 

Patent Document 1* Japanese unexamined patent publication No. 

H07(1995)-217508 
Patent Document 2- Japanese unexamined patent publication No. 

H09(l997)-245939 
Patent Document 3- Japanese unexamined patent publication No. 

2000-257518 

Patent Document 4: Japanese unexamined patent publication No. 

H09(l997)-296758 

Meanwhile, there has been disclosed a manner of ON-OFF switching 
the energization to the electrothermal heating element by use of a relay 
switch in each of the above air heater units for vehicles. Thus, the total 
number of components constituting an air heater system for a vehicle 
including the air heater unit for a vehicle would be increased and also a 
large space for harnesses connecting those components would be needed. 




Further, a large current of the order of 100A is used in the vehicle air 
heater, so that repeated ON-OFF switching may cause meltdown of a relay 
contact. 

The relay switch is slow in ON-OFF switching and the life of the relay 
contact would expire at for example about hundred thousand switching 
operations. It therefore would be practically difficult in terms of 
durability and reliability to regulate the heating temperature by ON-OFF 
switching the energization of a single electrothermal heating element for a 
short time. In Patent documents 2 and 3, accordingly, a plurality of 
electrothermal heating elements which can individually be ON-OFF 
switched is used for regulating the heating temperature of intake air. The 
air heater unit for a vehicle using such relay switch could not provide easy 
energization control of the electrothermal heating element. 

Patent document 4, on the other hand, discloses that a semiconductor 
switch may be used in stead of the relay switch to perform ON-OFF 
switching. In the case where the semiconductor switch is used in this way, 
a simplified construction and improved reliability and durability can be 
expected as compared with the case where the relay switch is used. 
Further, Patent document 4 teaches that current to an intake preheating 
device (air heater) may be controlled by PWM control. 

For appropriately performing control, such as the PWM control, of 
electric power (current) to be applied to the electrothermal heating element 
of the air heater, it is preferable to execute the control by detecting the 
current flowing in the electrothermal heating element of the air heater. 
In general, the electrothermal heating element of the air heater is of low 
resistance and a large current of the order of 100A is applied from a 
battery that produces around 12 volts to the electrothermal heating 
element, thereby causing the electrothermal heating element to generate 



heat. When an additional resistance is inserted to detect the current 
flowing in the electrothermal heating element of the air heater, accordingly, 
some defects may arise; e.g., voltage and current to be applied to the 
electrothermal heating element is largely reduced. The insertion of such 
5 additional resistance would also lead to an increase in size of the air heater 
system. Consequently, it would be unpractical that the additional 
resistance is inserted in the above conventional air heater systems for 
vehicles in order to detect the current flowing in the electrothermal 
heating element of the air heater. 

10 

The present invention has been made to solve at least one of the 
above problems and has a purpose to provide an air heater unit for a 
vehicle and an air heater system for a vehicle, enabling easy control of 
energization to an air heater. 

15 

DISCLOSURE OF INVENTION 
An air heater system for a vehicle according to the first invention 
made to achieve the above purpose is An air heater system for a vehicle, 
the system comprising- an air heater having an electrothermal heating 

20 element; and a semiconductor switch connected to the electrothermal 
heating element in series for controlling energization to the electrothermal 
heating element, the semiconductor switch being a semiconductor switch 
having a current detecting function provided with a terminal for current 
detection to detect a current which flows in the electrothermal heating 

25 element. 

In the air heater system for a vehicle according to the first invention, 
the semiconductor switch connected to the electrothermal heating element 
in series is used to control the energization to this electrothermal heating 
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element. Therefore, the air heater system of the invention can provide a 
simplified structure, improved reliability and durability, and a low cost as 
compared with a conventional air heater system using a relay switch to 
perform the ON-OFF switching of an air heater. Further, the air heater 
5 system of the invention using the semiconductor switch can easily perform 
energization control (e.g., ON-OFF control, PWM control, and so on) of the 
air heater. For example, the semiconductor switch connected to the 
electrothermal heating element in series is turned ON/OFF by a control 
device (e.g., ECU), enabling easy control of energization to the 

10 electrothermal heating element. Using of the semiconductor switch 
makes it possible to perform ON-OFF switching of energization to the 
electrothermal heating element at a faster rate as compared with the relay 
switch. Accordingly, fine or accurate energization control of the 
electrothermal heating element can be achieved. 

15 Further, in the air heater system of the invention, the semiconductor 

switch provided with the current detecting function for detecting current 
flowing in the electrothermal heating element is used. Accordingly, it is 
possible to detect the current flowing in the electrothermal heating 
element of the air heater by utilizing a current detection terminal of the 

2 0 semiconductor switch provided with the current detecting function. This 
makes it possible to, for example, control electric power to be applied to the 
electrothermal heating element and check the air heater (electrothermal 
heating element) for normal operation. 

It is to be noted that the semiconductor switch may include for 

2 5 example MOSFET, IGBT, GTO, thyristor, or the like. The mounting 
position of such semiconductor switch is not limited in particular. For 
instance, the semiconductor switch or a board on which the semiconductor 
switch is mounted may be fixed to the air heater in integral relation. 
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Alternatively, the semiconductor switch or the board on which the 
semiconductor switch is mounted may be attached to for example a vehicle 
body in separate relation. 

As a control system using the semiconductor switch, preferably, the 
5 PWM control is performed so as to supply a predetermined amount of 
electric power to the air heater. The PWM control enables appropriate 
temperature control and electric power control of the air heater; for 
example, the duty ratio is controlled to correct variations in battery voltage, 
thereby making the amount of electric power supply to the air heater 

10 constant. Especially, by using the semiconductor switch, it is possible to 
appropriately set a repetition frequency in the PWM control according to 
the size of an intake pipe, flow rate of the intake air, position of the air 
heater, or other conditions, and it is possible to minimize variations of 
temperature of the electrothermal heating element which may be caused 

15 by the ON-OFF switching and keep the heating temperature substantially 
constant. 

In an internal combustion engine, a heating mode appropriate for an 
operating condition is requested. To be concrete, for starting the internal 
combustion engine, the air heater is energized for a predetermined time 

2 0 prior to cranking, thereby heating the intake air (hereinafter, referred to 
as preheating). The internal combustion engine is pre-heated by the 
intake air heated in this way, so that the startability of the internal 
combustion engine can be enhanced. Further, after the start of the 
internal combustion engine, the afterheating is performed according to the 

2 5 operating condition. The afterheating includes heating of the intake air 
during idling and heating of the intake air during running. During idling, 
preferably, the intake-air heating is kept down in order to reduce load on a 
battery. During running, on the other hand, the intake-air heating has to 



V 
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be built up according to an increase in intake air quantity associated with 
an increase of engine revolutions. 

On the other hand, controlling of the duty ratio can also provide the 
heating mode appropriate for each operating condition of the internal 
5 combustion engine. Thus, the energization control can be performed with 
high accuracy according to the operating condition, the number of parts 
can be reduced, achieving savings in space, as compared with the 
conventional case using a plurality of electrothermal heating elements and 
relay switches for control of heating. 

10 

Further, the air heater system for a vehicle according to the first 
invention, preferably, further comprises resistance control means for 
controlling a resistance value of the electrothermal heating element based 
on output corresponding to the current which flows in the electrothermal 

15 heating element detected through the current detection terminal of the 
semiconductor switch. 

In the air heater system for a vehicle of the invention, the resistance 
value of the electrothermal heating element is controlled based on the 
output corresponding to the current flowing in the electrothermal heating 

2 0 element. Specifically, for example, the current flowing in the 
electrothermal heating element and the voltage (battery voltage) to be 
applied to the electrothermal heating element are detected. Based on 
these values, the resistance value of the electrothermal heating element is 
calculated. The supply electric power to the electrothermal heating 

2 5 element is controlled so that this resistance value becomes the 
predetermined value. The resistance value of the electrothermal heating 
element and the temperature thereof are in a predetermined corresponding 
relation. Such control of the resistance value of the electrothermal 
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heating element to the predetermined value enables the control of the 
temperature of the electrothermal heating element to the predetermined 
temperature. In particular, the resistance value of the electrothermal 
heating element made of a material having a large resistance coefficient 
5 can be controlled well. 

Further, in the air heater system for a vehicle according to any one of 
the above inventions, preferably, further comprises failure detection means 
for detecting a failure of the electrothermal heating element by detecting a 

10 resistance value of the electrothermal heating element based on output 
corresponding to the current which flows in the electrothermal heating 
element detected through the current detection terminal of the 
semiconductor switch. 

For environmental protection, there has recently been proposed a 

15 technique for returning unburned gas that flows out of an internal 
combustion engine to an air-intake side, burning the gas there, in order to 
prevent discharge of the unburned gas out of a vehicle. Further, there 
has also been proposed another technique (EGR) for returning part of 
exhaust air having increased in temperature to an air-intake side to 

2 0 enhance thermal efficiency of an internal combustion engine. However, 
the returning of unburned gas or exhaust air to the air-intake side may 
cause a problem that contaminants in the unburned gas or exhaust gas 
adhere to the electrothermal heating element of the air heater, decreasing 
the resistance value of the electrothermal heating element, further 

25 leading to a short circuit in the electrothermal heating element. On the 
other hand, the above series circuit may be broken if excessive electric 
power load is applied to the series circuit provided between the 
electrothermal heating element and the semiconductor switch. 
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In the air heater system of the invention, on the other hand, the 
resistance value of the electrothermal heating element is detected based 
on the output corresponding to the current flowing in the electrothermal 
heating element. For instance, the current flowing in the electrothermal 
5 heating element and the voltage which is applied to the electrothermal 
heating element (battery voltage) are detected to determine the resistance 
value of the electrothermal heating element. Then, the detected 
resistance value is compared with a reference resistance lower limit (e.g., 
"Initial resistance value of the electrothermal heating element" x 80%). 

10 If the detected resistance value is lower than the reference resistance 
lower limit (a failure in the electrothermal heating element), it can be 
determined that the electrothermal heating element is soiled. The soiled 
condition of the electrothermal heating element of the air heater can thus 
be checked. If a warning device or the like for giving a warning if the 

15 detected resistance value is lower than the reference resistance lower 
limit is additionally provided, it is possible to prompt any countermeasure 
for preventing a short circuit and others. In comparison with the 
reference resistance upper limit, if the detected resistance value is larger 
than the reference resistance upper limit ("Initial resistance value" of the 

20 electrothermal heating element x 120%), a short circuit of the 
electrothermal heating element can be detected and a warning of the 
failure of the air heater system can be given to a driver. 

In the air heater system for a vehicle according to any one of the 
2 5 above inventions, preferably, the air heater includes a frame which holds 
the electrothermal heating element, and the semiconductor switch is fixed 
to the frame. 

In the air heater system for a vehicle of the invention, the 



semiconductor switch is fixed to the frame of the air heater. Therefore, 
there is no need to separately provide a place for mounting the 
semiconductor switch, thus achieving savings in space. Further, an 
assembling work is more efficient as compared with in the case where the 
5 semiconductor switch is separately mounted on a vehicle. 

Further, in the air heater system for a vehicle according to the above 
invention, preferably, the electrothermal heating element has such a 
temperature converging property that a temperature rises and then 

10 converges to a predetermined convergence temperature when the 
electrothermal heating element is continuously supplied with maximum 
allowable voltage, the frame includes a resinous part made of resin, and 
the resinous part is arranged in such a place that the resinous part has 
rigidity adequate for actual use even when the electrothermal heating 

15 element is at the convergence temperature. 

In the air heater system for a vehicle of the invention, the 
electrothermal heating element has such a temperature converging 
property that the temperature of the electrothermal heating element 
converges to a predetermined convergence temperature when the 

2 0 electrothermal heating element is continuously supplied with maximum 
allowable voltage. In the air heater system for a vehicle of the invention, 
in other words, the temperature of the electrothermal heating element will 
not come to an overtemperature condition exceeding the convergence 
temperature as long as the maximum allowable voltage or less is applied to 

2 5 the electrothermal heating element. 

In the air heater system for a vehicle of the invention, the frame 
includes the resinous part which is arranged in such a place that the 
resinous part remains adequately rigid for actual use even when the 
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electrothermal heating element is at the convergence temperature. 
Accordingly, the air heater system for a vehicle of the invention may cause 
no problem that the resinous part of the frame is softened or deformed into 
an unusable state, as long as the maximum allowable voltage or less is 
applied to the electrothermal heating element. 

In the air heater system for a vehicle of the invention, the frame can 
be reduced in weight by an amount of a metallic part substituted by the 
resinous part as compared with the conventional air heater system for a 
vehicle with the frame entirely made of metal. Thus, weight reduction of 
the air heater system can be achieved. 

The heating element having the temperature converging property may 
include for example a heating element comprising, as at least a part 
thereof, a controlled heating part made of a material having a high 
resistance temperature coefficient. To be more specific, the heating 
element is made of an iron-chrome alloy having a low content of chrome, an 
Nibase alloy, or the like. For example, the heating element may include 
ones of which a temperature converges to the above convergence 
temperature in a low temperature range of e.g. 250°C to 350°C. 

As the resin making the resinous part, any resin may be used if only 
having adequate rigidity even where the temperature of the electrothermal 
heating element reaches the convergence temperature in view of the 
convergence temperature of the electrothermal heating element and 
placement and a heat dispersion property of the resinous part. Preferably, 
resins having high heat resistance are used. For example, the resinous 
part of the frame may be made of a material selected from among 
polyimide (PI), nylon-66, polyphenylene sulfide (PPS), polyethylene 
terephthalate (PET), fluproresins such as PTFE, and silicone resins and 
others. Further, the resinous part may be made of a material including a 



11 

reinforcing material such as glass fillers in addition to the above resins, 
thereby improving heat resistance. 

Alternatively, in the air heater system for a vehicle according to the 
5 above invention, preferably, the electrothermal heating element has such 
a temperature converging property that a temperature rises and then 
converges to a predetermined convergence temperature when the 
electrothermal heating element is continuously supplied with maximum 
allowable voltage, the frame includes a resinous part made of resin having 

10 a predetermined deflection temperature under load, and the resinous part 
is arranged in such a place that the temperature of the resinous part 
remains below the deflection temperature under load even when the 
electrothermal heating element is at the convergence temperature. 

In the air heater system for a vehicle of the invention, the 

15 electrothermal heating element has the temperature converging property 
that the temperature of the electrothermal heating element converges to a 
predetermined convergence temperature when the electrothermal heating 
element is continuously applied with maximum allowable voltage. 
Accordingly, in the air heater system for a vehicle of the invention, the 

20 temperature of the electrothermal heating element will not come to an 
overtemperature condition exceeding the convergence temperature as long 
as the maximum allowable voltage or less is applied to the electrothermal 
heating element. 

In the air heater system for a vehicle of the invention, the frame 
25 includes the resinous part which is arranged in such a place that the 
temperature of the resinous part remains below the deflection temperature 
under load even when the electrothermal heating element is at the 
convergence temperature. Accordingly, the resinous part of the frame can 
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be prevented from becoming softened and deformed as long as the 
maximum allowable voltage or less is applied to the electrothermal heating 
element. 

In the air heater system for a vehicle of the invention, the frame can 
5 be reduced in weight by an amount of a metallic part substituted by the 
resinous part as compared with the conventional air heater system for a 
vehicle with the frame entirely made of metal. Thus, weight reduction of 
the air heater system can be achieved. 

It is to be noted that the "deflection temperature of resin under load" 

10 means the temperature which is determined by calculation using an 
edgewise method defined in JIS K 7191 (1996). Specifically, a test piece 
(an edgewise test piece) made of resin, having a predetermined dimension 
and a rectangular section, is immersed in a bath filled with silicone oil; 
and, under the condition that a load of 1.82 MPa is applied to the test piece, 

15 the bath temperature is increased at a uniform rate of 2°C/min until the 
deflection amount of the center of a loaded part of the test piece reaches a 
standard deflection amount of 0.25 mm. Such increased temperature is 
referred to as the deflection temperature of the resin under load. 

2 0 An air heater system for a vehicle according to the second invention is 

an air heater system for a vehicle comprising" an air heater having an 
electrothermal heating element; and a semiconductor switch connected to 
the electrothermal heating element in series for controlling energization to 
the electrothermal heating element, the air heater having a frame which 

2 5 holds the electrothermal heating element, and the semiconductor switch 
being fixed to the frame. 

In the air heater system of the invention, the semiconductor switch is 
fixed to the frame of the air heater. Therefore, there is no need to 
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separately provide a space for mounting the semiconductor switch, 
achieving savings in space. Further, an assembling work is more efficient 
as compared with in the case where the semiconductor switch is separately 
mounted on a vehicle. 

Further, in the air heater system for a vehicle according to the second 
invention, preferably, the semiconductor switch has an overtemperature 
protecting function for interrupting current passing through the 
semiconductor switch when a temperature thereof becomes a shut-off 
temperature, and the semiconductor switch is fixed to the frame in such a 
place that the temperature of the semiconductor switch becomes the 
shut-off temperature when the temperature of the electrothermal heating 
element reaches an excessive temperature. 

In the air heater system for a vehicle of the invention, the 
semiconductor switch includes the overtemperature protecting function to 
interrupt the current passing through the semiconductor switch when the 
temperature thereof reaches the shut-off temperature. This 
semiconductor switch is placed in such a position that the temperature 
thereof becomes the shut-off temperature when the temperature of the 
electrothermal heating element reaches the excessive temperature. 
Accordingly, the temperature of the semiconductor switch becomes the 
shut-off temperature even in the case where the temperature of the 
electrothermal heating element reaches the excessive temperature as well 
as the case where the shut-off temperature of the semiconductor switch is 
reached by self-heating. Then, the semiconductor switch is turned OFF by 
the overtemperature protecting function. This makes it possible to 
interrupt the energization to the electrothermal heating element, thereby 
preventing the temperature of the electrothermal heating element from 
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rising over the excessive temperature. The overtemperature protecting 
function of the semiconductor switch can be used for protection of the 
electrothermal heating element and the frame from an excessive rise of 
temperature as well as protection of the semiconductor switch itself from 
5 an excessive rise of temperature. 

The shut-off temperature is a temperature previously set for the 
semiconductor switch and set so as to interrupt the current passing 
through the semiconductor switch as soon as the temperature of the 
semiconductor switch reaches the set temperature. To be concrete, this 

10 shut-off temperature can be previously set as e.g. a junction temperature 
Tj of the semiconductor switch. The "excessive temperature" means a 
preset temperature determined according to materials and shapes of the 
electrothermal heating element, which is set to a temperature at which the 
electrothermal heating element and the frame resist heat damage. 

15 Accordingly, the air heater system for a vehicle of the invention can 
prevent the electrothermal heating element and the frame from becoming 
deteriorated or melted down due to excessive rise of temperature of the 
electrothermal heating element. 

The semiconductor switch having the overtemperature protecting 

2 0 function may include an MOSFET, a semiconductor switch circuit having 
an overtemperature protecting circuit, and the like. The semiconductor 
switch circuit having the overtemperature protecting function may include 
PROFET®, No. BTS550P made by Infineon Technologies, AG. 

2 5 Further, in the air heater system for a vehicle according to the above 

invention, preferably, the frame of the air heater includes a metallic part, 
and the semiconductor switch is fixed to the metallic part of the frame 
directly or through an electrical insulator. 
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In the air heater system for a vehicle of the invention, the 
semiconductor switch is fixed to the metallic part of the frame of the air 
heater directly or via the electrical insulator. Thus, the temperature of 
the semiconductor switch increases as soon as the temperature of the 
electrothermal heating element of the air heater increases. When the 
temperature of the electrothermal heating element of the air heater 
reaches the excessive temperature, the temperature of the semiconductor 
switch becomes the shut-off temperature rapidly. Accordingly, the 
semiconductor switch is turned OFF by the overtemperature protecting 
function thereof. The frame of the air heater may be made of metal 
entirely or a combination of metal and other different materials such as 
resin. 

Alternatively, in the air heater system for a vehicle according to the 
15 second invention, preferably, the semiconductor switch includes an 
overtemperature signal output terminal which outputs an overtemperature 
warning signal when the temperature of the semiconductor switch becomes 
a warning temperature, the semiconductor switch is fixed to the frame in 
such a place that the temperature of the semiconductor switch becomes the 
2 0 warning temperature when the temperature of the electrothermal heating 
element reaches the excessive temperature, and the air heater system 
includes overtemperature protecting means for interrupting the current 
passing through the semiconductor switch in response to the 
overtemperature warning signal from the overtemperature signal 
2 5 outputting terminal of the semiconductor switch. 

In the air heater system for a vehicle of the invention, the 
semiconductor switch has the overtemperature signal output terminal 
which outputs an overtemperature warning signal when the temperature 
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of the semiconductor switch reaches the warning temperature. This 
semiconductor switch is placed in such a position that the temperature 
thereof becomes the warning temperature when the temperature of the 
electrothermal heating element reaches the excessive temperature. 
5 Accordingly, the temperature of the semiconductor switch becomes the 
warning temperature when the temperature of the electrothermal heating 
element reaches the excessive temperature. 

The air heater system for a vehicle of the invention further includes 
the overtemperature protecting means for interrupting the current passing 

10 through the semiconductor switch based on the overtemperature warning 
signal from the overtemperature signal output terminal. Therefore, the 
temperature of the semiconductor switch becomes the warning 
temperature when the temperature of the electrothermal heating element 
reaches the excessive temperature as well as in the case where the 

15 warning temperature of the semiconductor switch is reached by 
self-heating. Thus, the semiconductor switch is turned OFF through the 
overtemperature protecting means, thereby enabling the interruption of 
energization to the electrothermal heating element. This makes it 
possible to prevent the temperature of the semiconductor switch from 

2 0 rising over the warning temperature for a long term, further to prevent the 
temperature of the electrothermal heating element from rising over the 
excessive temperature for a long term. 

The "warning temperature" means a preset temperature for the 
semiconductor switch. The overtemperature signal output terminal 

2 5 outputs the overtemperature warning signal when the temperature of the 
semiconductor switch reaches this preset temperature. Specifically, this 
warning temperature can be previously set as the junction temperature Tj 
of the semiconductor switch or the like. The "excessive temperature" is a 
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preset temperature determined according to materials and shapes of the 
electrothermal heating element, which is set to a temperature at which the 
electrothermal heating element and the frame resist heat damage. 

The semiconductor switch having the overtemperature signal output 
5 terminal may include IGBT, No. MG200Q2YS60A, made by Toshiba 
Semiconductor Co., Ltd. 

Further, in the air heater system for a vehicle according to the above 
invention, preferably, the frame of the air heater includes a metallic part, 

10 and the semiconductor switch is fixed to the metallic part of the frame 
directly or through an electrical insulator. 

In the air heater system for a vehicle of the invention, the 
semiconductor switch is fixed to the metallic part of the frame of the air 
heater directly or via the electrical insulator. Thus, the temperature of 

15 the semiconductor switch increases as soon as the temperature of the 
electrothermal heating element of the air heater increases. 

When the temperature of the electrothermal heating element of the 
air heater reaches the excessive temperature, the temperature of the 
semiconductor switch becomes the warning temperature rapidly. 

20 Accordingly, the overtemperature warning signal can be output from the 
overtemperature signal outputting terminal. This makes it possible to 
interrupt the energization to the electrothermal heating element, thereby 
rapidly preventing the temperature of the electrothermal heating element 
from rising over the excessive temperature, or, rapidly operating for any 

2 5 countermeasure to the excessive rise of temperature of the electrothermal 
heating element. The frame of the air heater may be made of metal 
entirely or a combination of metal and other different materials such as 
resin. 
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Further, in the air heater system for a vehicle according to the second 
invention, preferably, the electrothermal heating element has such a 
temperature converging property that a temperature rises and then 
5 converges to a predetermined convergence temperature when the 
electrothermal heating element is continuously supplied with maximum 
allowable voltage, the frame includes a resinous part made of resin, and 
the resinous part is arranged in such a place that the resinous part has 
rigidity adequate for actual use even when the electrothermal heating 

10 element is at the convergence temperature. 

In the air heater system for a vehicle of the invention, the 
electrothermal heating element has the temperature converging property 
that the temperature of the electrothermal heating element converges to a 
predetermined convergence temperature when the electrothermal heating 

15 element is continuously applied with maximum allowable voltage. In 
other words, in the air heater system for a vehicle of the invention, the 
temperature of the electrothermal heating element will not come to an 
overtemperature condition exceeding the convergence temperature as long 
as the maximum allowable voltage or less is applied to the electrothermal 

2 0 heating element. 

In the air heater system for a vehicle of the invention, the frame 
includes the resinous part which is arranged in a place where the resinous 
part is adequately rigid for actual use even when the electrothermal 
heating element is at the convergence temperature. Accordingly, the air 

2 5 heater system for a vehicle of the invention may cause no problem that the 
resinous part of the frame is softened or deformed into an unusable state, 
as long as the maximum allowable voltage or less is applied to the 
electrothermal heating element. 
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In the air heater system for a vehicle of the invention, the frame can 
be reduced in weight by an amount of a metallic part substituted by the 
resinous part as compared with the conventional air heater system for a 
vehicle with the frame entirely made of metal. Thus, weight reduction of 
5 the air heater system can be achieved. 

Alternatively, in the air heater system for a vehicle according to the 
second invention, preferably, the electrothermal heating element has such 
a temperature converging property that a temperature rises and then 

10 converges to a predetermined convergence temperature when the 
electrothermal heating element is continuously supplied with maximum 
allowable voltage, the frame includes a resinous part made of resin having 
a predetermined deflection temperature under load, and the resinous part 
is arranged in such a place that the temperature of the resinous part 

15 remains below the deflection temperature under load even when the 
electrothermal heating element is at the convergence temperature. 

In the air heater system for a vehicle of the invention, the 
electrothermal heating element has the temperature converging property 
that the temperature of the electrothermal heating element converges to a 

2 0 predetermined convergence temperature when the electrothermal heating 
element is continuously applied with maximum allowable voltage. In 
other words, in the air heater system for a vehicle of the invention, the 
temperature of the electrothermal heating element will not come to an 
overtemperature condition exceeding the convergence temperature as long 

2 5 as the maximum allowable voltage or less is applied to the electrothermal 
heating element. 

In the air heater system for a vehicle of the invention, the frame 
includes the resinous part which is arranged in such a place that the 
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temperature of the resinous part remains below the deflection temperature 
under load even when the electrothermal heating element is at the 
convergence temperature. Accordingly, the resinous part of the frame can 
be prevented from becoming softened and deformed as long as the 
maximum allowable voltage or less is applied to the electrothermal heating 
element. 

In the air heater system for a vehicle of the invention, the frame can 
be reduced in weight by an amount of a metallic part substituted by the 
resinous part as compared with the conventional air heater system for a 
vehicle with the frame entirely made of metal. Thus, weight reduction of 
the air heater system can be achieved. 

An air heater unit for a vehicle according to the third invention is an 
air heater unit for a vehicle comprising- an air heater includes an 
15 electrothermal heating element and a frame which holds the 
electrothermal heating element, and a semiconductor switch fixed to the 
frame of the air heater and connected to the electrothermal heating 
element in series to control energization to the electrothermal heating 
element. 

2 0 The air heater unit for a vehicle of the invention includes the 

semiconductor switch that is connected to the electrothermal heating 
element in series and able to control the energization to the electrothermal 
heating element. Using such air heater unit for a vehicle makes it 
possible to easily control the energization (e.g., ON-OFF control and PWM 
2 5 control) of the electrothermal heating element of the air heater. The 
semiconductor switch also allows the ON-OFF switching of energization to 
the electrothermal heating element at a faster rate as compared with the 
relay switch. Consequently, fine or accurate energization control of the 
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electrothermal heating element can be achieved. 

In the air heater unit for a vehicle of the invention, the semiconductor 
switch is fixed to the frame of the air heater. Therefore, there is no need 
to separately provide a place for mounting the semiconductor switch, 
5 achieving savings in space. Further, an assembling work is more efficient 
as compared with in the case where the semiconductor switch is separately 
mounted on a vehicle. The semiconductor switch may be fixed to the 
frame of the air heater or through a circuit board or the like. 

10 Further, in the air heater unit for a vehicle according to the third 

invention, preferably, the semiconductor switch has an overtemperature 
protecting function for interrupting current passing through the 
semiconductor switch when a temperature thereof becomes a shut-off 
temperature, and the semiconductor switch is fixed to the frame in such a 

15 place that the temperature of the semiconductor switch becomes the 
shut off temperature when the temperature of the electrothermal heating 
element reaches an excessive temperature. 

In the air heater unit for a vehicle of the invention, the semiconductor 
switch includes the overtemperature protecting function to interrupt the 

2 0 current passing through the semiconductor switch when the temperature 
thereof becomes the shut-off temperature. This semiconductor switch is 
placed in such a position that the temperature thereof becomes the shut-off 
temperature when the temperature of the electrothermal heating element 
reaches the excessive temperature. Accordingly, the temperature of the 

2 5 semiconductor switch becomes the shut-off temperature even in the case 
where the temperature of the electrothermal heating element reaches the 
excessive temperature as well as the case where the semiconductor switch 
reaches the shut-off temperature by self- heating. Then, the 
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semiconductor switch is turned OFF by the overtemperature protecting 
function. This makes it possible to interrupt the energization to the 
electrothermal heating element, thereby preventing the temperature of the 
electrothermal heating element from rising over the excessive temperature. 
5 The overtemperature protecting function of the semiconductor switch can 
also be used for protection of the electrothermal heating element and the 
frame from an excessive rise of temperature as well as protection of the 
semiconductor switch itself from an excessive rise of temperature. 

10 Further, in the air heater unit for a vehicle according to the above 

invention, preferably, the frame of the air heater includes a metallic part, 
and the semiconductor switch is fixed to the metallic part of the frame 
directly or through an electrical insulator. 

In the air heater unit for a vehicle of the invention, the semiconductor 

15 switch is fixed to the metallic part of the frame of the air heater directly or 
via the electrical insulator. Thus, the temperature of the semiconductor 
switch increases as soon as the temperature of the electrothermal heating 
element of the air heater increases. When the temperature of the 
electrothermal heating element of the air heater reaches the excessive 

2 0 temperature, the temperature of the semiconductor switch becomes the 
shut-off temperature rapidly. The semiconductor switch is turned OFF by 
the overtemperature protecting function thereof, thus preventing the 
temperature of the electrothermal heating element from rising over the 
excessive temperature. The frame of the air heater may be made of metal 

2 5 entirely or a combination of metal and other different materials such as 
resin. 



Alternatively, in the air heater unit for a vehicle according to the third 
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invention, preferably, the semiconductor switch includes an 
overtemperature signal output terminal which outputs an overtemperature 
warning signal when the temperature of the semiconductor switch becomes 
a warning temperature, and the semiconductor switch is fixed to the frame 
5 in such a place that the temperature of the semiconductor switch becomes 
the warning temperature when the temperature of the electrothermal 
heating element reaches the excessive temperature. 

In the air heater unit for a vehicle of the invention, the semiconductor 
switch includes the overtemperature signal output terminal which outputs 

10 the overtemperature warning signal when the temperature of the 
semiconductor switch becomes the warning temperature. This 
semiconductor switch is placed in such a position that the temperature of 
the semiconductor switch becomes the warning temperature when the 
temperature of the electrothermal heating element reaches the excessive 

15 temperature. If the temperature of the electrothermal heating element 
reaches the excessive temperature, therefore, the temperature of the 
semiconductor switch becomes the warning temperature. Accordingly, it 
is possible to detect, through the overtemperature signal output terminal 
of the semiconductor switch, that the temperature of the semiconductor 

2 0 switch rises over the warning temperature by self- heating and further that 
the temperature of the electrothermal heating element reaches the 
excessive temperature. 

This air heater unit for a vehicle of the invention can prevent the 
temperature of the semiconductor switch from rising over the warning 

2 5 temperature for a long term and also the temperature of the electrothermal 
heating element from rising over the excessive temperature for a long term. 
To be more specific, the control unit (e.g., ECU) monitors the output from 
the overtemperature signal output terminal of the semiconductor switch to 
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interrupt the current passing through the semiconductor switch if the 
overtemperature warning signal is produced from the overtemperature 
signal output terminal. In this manner, the temperature of the 
semiconductor switch can be prevented from rising over the warning 
5 temperature for a long term and also the temperature of the electrothermal 
heating element can be prevented from rising over the excessive 
temperature for a long term. 

Further, in the air heater unit for a vehicle according to the above 

10 invention, preferably, the frame of the air heater includes a metallic part, 
and the semiconductor switch is fixed to the metallic part of the frame 
directly or through an electrical insulator. 

In the air heater unit for a vehicle of the invention, the semiconductor 
switch is fixed to the metallic part of the frame of the air heater directly or 

15 via the electrical insulator. As soon as the temperature of the 
electrothermal heating element of the air heater increases, accordingly, the 
temperature of the semiconductor switch increases. When the 
temperature of the electrothermal heating element of the air heater 
reaches the excessive temperature, therefore, the temperature of the 

2 0 semiconductor switch becomes the warning temperature. Thus, the 
overtemperature warning signal can be output from the overtemperature 
signal output terminal. This makes it possible to interrupt the 
energization to the electrothermal heating element, thereby rapidly 
operating for any countermeasure to the excessive rise of temperature of 

2 5 the electrothermal heating element. The frame of the air heater may be 
made of metal entirely or a combination of metal and other different 
materials such as resin. 
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Further, in the air heater unit for a vehicle according to the third 
invention, preferably, the electrothermal heating element has such a 
temperature converging property that a temperature rises and then 
converges to a predetermined convergence temperature when the 
5 electrothermal heating element is continuously supplied with maximum 
allowable voltage, the frame includes a resinous part made of resin, and 
the resinous part is arranged in such a place that the resinous part has 
rigidity adequate for actual use even when the electrothermal heating 
element is at the convergence temperature. 

10 In the air heater unit for a vehicle of the invention, the electrothermal 

heating element has such a temperature converging property that a 
temperature converges to a predetermined convergence temperature when 
the electrothermal heating element is continuously supplied with a 
maximum allowable voltage. In other words, in the air heater unit for a 

15 vehicle of the invention, the temperature of the electrothermal heating 
element will not come to an overtemperature condition exceeding the 
convergence temperature as long as the maximum allowable voltage or less 
is applied to the electrothermal heating element. 

In the air heater unit for a vehicle of the invention, the frame includes 

2 0 the resinous part which is arranged in such a place that the resinous part 
remains adequately rigid for actual use even when the electrothermal 
heating element is at the convergence temperature. Accordingly, the air 
heater unit for a vehicle of the invention may cause no problem that the 
resinous part of the frame is softened or deformed into an unusable state, 

2 5 as long as the maximum allowable voltage or less is applied to the 
electrothermal heating element. 

In the air heater unit for a vehicle of the invention, the frame can be 
reduced in weight by an amount of a metallic part substituted by the 
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resinous part as compared with the conventional air heater unit for a 
vehicle with the frame entirely made of metal. Thus, weight reduction of 
the air heater unit can be achieved. 

5 Alternatively, in the air heater unit for a vehicle according to the third 

invention, preferably, the electrothermal heating element has such a 
temperature converging property that a temperature rises and then 
converges to a predetermined convergence temperature when the 
electrothermal heating element is continuously supplied with maximum 

10 allowable voltage, the frame includes a resinous part made of resin having 
a predetermined deflection temperature under load, and the resinous part 
is arranged in such a place that the temperature of the resinous part 
remains below the deflection temperature under load even when the 
electrothermal heating element is at the convergence temperature. 

15 In the air heater unit for a vehicle of the invention, the electrothermal 

heating element has such a temperature converging property that a 
temperature converges to a predetermined convergence temperature when 
the electrothermal heating element is continuously supplied with a 
maximum allowable voltage. In other words, in the air heater unit for a 

2 0 vehicle of the invention, the temperature of the electrothermal heating 
element will not come to an overtemperature condition exceeding the 
convergence temperature as long as the maximum allowable voltage or less 
is applied to the electrothermal heating element. 

In the air heater unit for a vehicle of the invention, further, the frame 

2 5 includes the resinous part which is arranged in such a place that the 
temperature of the resinous part remains below the deflection temperature 
under load even when the electrothermal heating element is at the 
convergence temperature. Thus, the air heater unit for a vehicle of the 
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invention may cause no problem that the resinous part of the frame is 
softened or deformed as long as the maximum allowable voltage or less is 
applied to the electrothermal heating element. 

In the air heater unit for a vehicle of the invention, the frame can be 
5 reduced in weight by an amount of a metallic part substituted by the 
resinous part as compared with the conventional air heater unit for a 
vehicle with the frame entirely made of metal. Thus, weight reduction of 
the air heater unit can be achieved. 

10 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a view showing an air heater unit 100 for a vehicle in a 
preferred embodiment; (a) is a plan view and (b) is a side view thereof; 

Fig. 2 is a view showing a semiconductor switch 110 of the air heater 
unit 100 for a vehicle in the embodiment; (a) is a plan view and (b) is a side 
15 view thereof; 

Fig. 3 is an explanatory view to explain electric connection in the 
semiconductor switch 110 of the air heater unit 100 for a vehicle in the 
embodiment; 

Fig. 4 is a circuit diagram of an air heater system 200 for a vehicle in 
2 0 the embodiment; 

Fig. 5 is a flowchart showing a flow of an intake-air heating operation 
in the embodiment; 

Fig. 6 is a circuit diagram of an air heater system 400 for a vehicle in 
a first modification of the embodiment; 
2 5 Fig. 7 is a flowchart showing a flow of an intake-air heating operation 

in the first modification; 

Fig. 8 is a view showing an air heater unit 500 for a vehicle in a 
second modification of the embodiment; (a) is a plan view and (b) is a side 
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view; and 

Fig. 9 is an explanatory view to explain electric connection in the 
semiconductor switch 110 of the air heater unit 500 for a vehicle in the 
second modification. 

5 

BEST MODE FOR CARRYING OUT THE INVENTION 
A detailed description of a preferred embodiment of an air heater 
unit for a vehicle and an air heater system for a vehicle of the present 
invention and modifications of the embodiment will now be given referring 

10 to Figs. 1 to 9. 

An air heater unit 100 for a vehicle in the embodiment will be first 
explained referring to Figs. 1 to 5. Fig. 1 is a view showing the air heater 
unit 100 for a vehicle in the present embodiment; (a) is a plan view and (b) 
is a side view thereof. The air heater unit 100 for a vehicle has an air 

15 heater 101, a semiconductor switch 110, and a wiring board 170. 

The air heater 101 includes an electrothermal heating element 120, a 
frame 130 which holds this heating element 120, and first, second, and 
third contact terminals 140, 150, and 160, each of which is fixed to the 
frame 130 and electrically connected to the heating element 120. 

2 0 The frame 130 includes a resinous part 132 of substantially 

rectangular ring shape and a metallic part 133 arranged inside the 
resinous part 132. The resinous part 132 is made of PPS resin containing 
a predetermined amount of glass filler and is a resinous integrally-molded 
product formed in a substantially rectangular ring shape by injection 

2 5 molding. Formed at four corners of this resinous part 132 are four 
mounting holes 132f, each extending through the resinous part 132 to open 
at a front surface 132g and a back surface 132h. A metallic annular 
cylindrical collar 131 is fitted in each mounting hole 132f. The resinous 
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part 132 is provided with a first through hole 132b of a rectangular 
cylindrical shape, and a second and third through holes 132c and 132d of a 
cylindrical shape, each extending through the resinous part 132 to open at 
an internal surface 132j and an external surface 132i. It is to be noted 
5 that a deflection temperature under load of the resinous part 132 (PPS) is 
about 260°C. 

The metallic part 133 is made from a stripe-shaped aluminum base 
alloy formed into a substantially rectangular ring shape, which is fixed on 
the internal surface of the resinous part 132. This metallic part 133 is 

10 provided with a first insertion hole 133b of a cylindrical shape in a position 
to communicate with the first through hole 132b of the resinous part 132. 
Further, a second insertion hole 133c is provided in a position to 
communicate with the second through hole 132c of the resinous part 132 
and to be coaxial therewith and a third insertion hole 133d is provided in a 

15 position to communicate with the third through hole 132d and to be coaxial 
therewith. 

This metallic part 133 further has two recesses 133f oppositely 
disposed. Each of these two recesses 133f holds a metallic bracket 135 of 
a substantially U-shaped section orthogonal to a longitudinal direction (a 

2 0 right-and-left direction relative to Fig. 1). In this metallic bracket 135 (in 
each recess), an insulator 136 is provided and a plate spring 137 is 
interposed between the bracket 135 and the insulator 136. Thus, the 
insulator 136 is urged toward the inside of the frame 130 by the plate 
spring 137 and hence fixed in place by pressing curved portions 121 of the 

2 5 electrothermal heating element 120, and the electrothermal heating 
element 120 is held (fixed) in a sandwiched state between the two 
insulators 136. Further, the metallic bracket 135 is urged toward the 
outside of the frame 130 by the plate spring 137 and hence fixed in the 
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recess 133f of the metallic portion 133. 

The first contact terminal 140 is a metallic bolt which is inserted in 
the first insertion hole 133b of the metallic part 133 and the first through 
hole 132b of the resinous part 132, while the first contact terminal 104 is 
5 electrically insulated from the metallic part 133 through an insulation 
washer 186. The second contact terminal 150 is also a metallic bolt which 
is inserted in the second insertion hole 133c of the metallic part 133 and 
the second through hole 132c of the resinous part 132, while the second 
contact terminal 150 is electrically insulated from the metallic part 133 

10 through an insulation washer 186. Similarly, the third contact terminal 
160 is a metallic bolt which is inserted in the third insertion hole 133d of 
the metallic part 133 and the third through hole 132d of the resinous part 
132, while the third contact terminal 160 is electrically insulated from the 
metallic part 133 through an insulation washer 186. 

15 The electrothermal heating element 120 is a heating element formed 

of a meandering, stripe-shaped thin plate made of an iron-chrome alloy. 
The plurality of curved portions 121 are fitted in the insulator 136 so that 
the electrothermal heating element 120 is held in and thermally insulated 
from the frame 130. Further, the electrothermal heating element 120 is 

2 0 formed on either side with a cutout (not shown) in which the second and 
third contact terminals 150 and 160 are inserted respectively. In this way, 
the electrothermal heating element 120 is electrically connected to the 
second contact terminal 150 and the third contact terminal 160. It is to be 
noted that this electrothermal heating element 120 has a temperature 

2 5 converging property that the temperature of the heating element 120 rises 
and then converges to a predetermined convergence temperature when 
continuously applied with maximum allowable voltage. In the present 
embodiment, a resistance temperature coefficient of the electrothermal 
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heating element 120 is R300/R20=1.3, and the convergence temperature is 
300°C. R300 is the resistance temperature coefficient at 300°C and R20 is 
that at 20°C. 

There is a space between the electrothermal heating element 120 and 
5 the resinous part 132 of the frame 130. Between them, there is further air, 
the insulator 136, and also the metallic part 133. Accordingly, the 
temperature of the resinous part 132 is low in general than that of the 
electrothermal heating element 120. In the present embodiment, the 
resinous part 132 is arranged so that its temperature remains below the 

10 deflection temperature under load (260°C) even when the electrothermal 
heating element 120 reaches the convergence temperature (300°C). Thus, 
the resinous part 132 of the frame 130 can have rigidity adequate for 
actual use without becoming softened and transformed even when the 
temperature of the electrothermal heating element 120 reaches the 

15 convergence temperature. As above, the resinous part 132 is provided in 
the frame 130 for weight saving thereof and also the resinous part 132 of 
the frame 130 is arranged to be usable (resistant to heat). Consequently, 
the frame 130 can be reduced in weight by an amount of a metallic part 
substituted by the resinous part 132 as compared with a conventional air 

2 0 heater unit for a vehicle with a frame entirely made of metal. 

Fig. 2 is a view showing the semiconductor switch 110; (a) is a plan 
view and (b) is a side view thereof. In the present embodiment, used as 
the semiconductor switch 110 was PROFET® No. BTS550P made by 
Infineon Technologies, AG. This semiconductor switch 110 has a basic 

2 5 configuration of MOSFET and is structured to output current 12 at a 
predetermined ratio (1/21000 in the present embodiment) to current II 
flowing between a drain and a source in the MOSFET (see Fig. 4). 

Such semiconductor switch 110 includes a main body 117, a first 
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connector pin 111 to a five connector pin 115 each connected to the main 
body 117, and a tab 116. The main body 117 has a switch circuit, a 
current detection circuit capable of detecting the current passing through 
the main body 117, and an overtemperature protecting circuit 118 (an 
5 overtemperature protecting function). The overtemperature protecting 
circuit 118 interrupts the current II flowing between the drain and the 
source when a junction temperature of the semiconductor switch 110 
reaches a shut-off temperature. This makes it possible to suppress an 
excessive rise of temperature of the semiconductor switch 110. The 

10 shut-off temperature of the semiconductor switch 110 is set at 150°C. The 
third connector pin 113 and the tab 116, both of which are terminals for 
electric power input, are electrically connected to each other. The first 
and fifth connector pins 111 and 115 are terminals for electric power output. 
The second connector pin 112 is a terminal for input of an energization 

15 control signal (ONOFF signal). The fourth connector pin 114 is a 
terminal for current detection. 

The wiring board 170 includes, as shown in Fig. 3, a main board 175 
made of aluminum ceramic, a first conductor layer 171, a third conductor 
layer 173, and a fourth conductor layer 174, each being formed on a main 

2 0 surface 175b. The main board 175 is formed with a mounting hole 175c in 
which the first contact terminal 140 is inserted. The first conductor layer 
171 is formed in an area including the peripheral portion of the mounting 
hole 175c and, as shown in Fig. 1, is connected to the first contact terminal 
140 when mounted in the frame 130. 

2 5 Respectively connected with the third and fourth conductor layers 

173 and 174 are a third and fourth terminals 173b and 174b each of which 
is a metallic pin. These third and fourth terminals 173b and 174b are 
connected, through a connector terminal 183, with electrical leads 182 and 
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184 respectively for connection to an ECU (engine control unit) 210 (see 
Figs. 1 and 4). Further, a second conductor plate 172 made of a metallic 
flat plate is fixedly provided on the main surface 175b of the main board 
175. This second conductor plate 172 has a mounting hole 172c for 
5 insertion of the second contact terminal 150 and is connected to the second 
contact terminal 150 when mounted on the frame 130. 

The semiconductor switch 110 is mounted on the above wiring board 
170 as shown in Fig. 1 and is fixed on the metallic part 133 of the frame 
130 through this wiring board 170. Specifically, as shown in Fig. 3, the 

10 tab 116 of the semiconductor switch 110 is electrically connected to the 
first conductor layer 171 by soldering. Similarly, the first and fifth 
connector pins 111 and 115 are electrically connected to the second 
conductor plate 172, the second connector pin 112 is electrically connected 
to the third conductor layer 173, and the fourth connector pin 114 is 

15 electrically connected to the fifth conductor layer 174. 

The wiring board 170 on which the semiconductor switch 110 is 
mounted in the above way is set in the first through hole 132b of the 
resinous part 132 by fitting the mounting holes 175c and 172c onto the 
first and second contact terminals 140 and 150 respectively. The wiring 

2 0 board 170 is thus fixed to the frame 130 with nuts 187. In the present 
embodiment, the third connector pin 113 is not connected to any conductor 
layers. A washer terminal 181b attached with an electrical lead 181 for 
connection to the ECU 210 is also fitted on the second contact terminal 150 
(see Figs. 1 and 4). 

2 5 In the present embodiment, the semiconductor switch 110 is fixed to 

the frame 130 in a position where the junction temperature of the 
semiconductor switch 110 becomes the shut-off temperature (150°C) when 
the temperature of the electrothermal heating element 120 rises over the 
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convergence temperature (300°C) for any reason (failure). In addition, the 
semiconductor switch 110 is fixed on the metallic part 133 of the frame 130 
through the wiring board 170 so that the temperature of the semiconductor 
switch 110 is increased rapidly as the temperature of the electrothermal 
5 heating element 120 is increased. 

Accordingly, even where the temperature of the electrothermal 
heating element 120 rises over the convergence temperature (300°C) for 
any reason (failure), the junction temperature of the semiconductor switch 
110 will rapidly become the shut-off temperature (150°C). The 

10 semiconductor switch 110 is then turned OFF by the overtemperature 
protecting function. 

In the present embodiment, the first through hole 132b is filled with 
silicone resin 195 to cover the semiconductor switch 110, the wiring board 
170, and others with resin. This makes it possible to render the 

15 semiconductor switch 110, the wiring board 170, and others waterproof, 
and further to keep out water into the air heater 101 through the first 
through hole 132b. 

The second and third through holes 132c and 132d are formed at 
respective outer edges with counter bored holes 132m and 132n in each of 

2 0 which a silicone rubber ring 196 is fitted to allow insertion of each of the 
second and third contact terminals 150 and 160. It is therefore possible to 
prevent water from entering the air heater 101 through the second and 
third through holes 132c and 132d. 

The air heater unit 100 for a vehicle is fixedly placed in an air-intake 

2 5 path connecting an air cleaner not shown to an intake manifold of an 
internal combustion engine and is used for heating the intake air. To be 
more specific, the air heater unit 100 is secured in the air-intake path with 
bolts through four mounting holes 131b formed in the frame 130 so that 
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the electrothermal heating element 120 of the air heater 101 is placed in 
the air-intake path. 

Fig. 4 is a circuit diagram of an air heater system 200 for a vehicle in 
the present embodiment, provided with the above air heater unit 100 for a 
vehicle and ECU 210. 

In the air heater system 200 for a vehicle, the first contact terminal 
140 is electrically connected to a vehicle -mounted battery 220 having one 
terminal connected to ground. The tab 116 of the semiconductor switch 
110 is thus electrically connected to the battery 220. Further, the first 
and fifth connector pins 111 and 115 of the semiconductor switch 110 are 
connected to the second contact terminal 150 and the third contact 
terminal 160 is connected to ground through the electrothermal heating 
element 120. With this structure, electric power is supplied to the 
electrothermal heating element 120 from the battery 220 through the 
semiconductor switch 110, thereby heating gas (intake air) passing through 
the air-intake path. As shown in Fig. 4, the semiconductor switch 110 is 
connected to the battery 220 and connected in series with the 
electrothermal heating element 120. 

The second connector pin 112 of the semiconductor switch 110 is 
connected to the ECU 210 through the electrical lead 182. Thus, the ECU 
210 can control the ON-OFF switching of the semiconductor switch 110. 

The fourth connector pin 114 is connected to the ECU 210 through 
the electrical lead 184. This semiconductor switch 110 is arranged to 
output the current 12 from the fourth connector pin 114 at a predetermined 
ratio (1/21000 in the present embodiment) to the current II flowing in the 
electrothermal heating element 120. On the other hand, the second 
contact terminal 150 of the air heater 101 is connected to the ECU 210 
through the electrical lead 181. Accordingly, the ECU 210 can detect the 
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voltage V to be applied to the electrothermal heating element 120 and 
calculate a resistance value Rl of the electrothermal heating element 120 
by using the detected voltage V and the current 12. 

The air heater system 200 for a vehicle is arranged to perform the 
5 PWM control so that the resistance value Rl of the electrothermal heating 
element 120 becomes a predetermined resistance value. The resistance 
value Rl of the electrothermal heating element 120 and the temperature 
thereof are in a predetermined correspondence relation. Accordingly, 
when the PWM control is performed to bring the resistance value Rl of the 

10 electrothermal heating element 120 to the predetermined resistance value, 
the temperature of the electrothermal heating element 120 can be 
controlled to the predetermined temperature. Specifically, the duty ratio 
of ON-OFF switching of the semiconductor switch 110 is adjusted based on 
the voltage V of the vehicle-mounted battery 220, thereby controlling 

15 electric power to be supplied to the electrothermal heating element 120. 
The resistance value Rl of the electrothermal heating element 120 can 
thus be brought to the predetermined resistance value. The air heater 
system 200 for a vehicle can therefore control the temperature of the 
electrothermal heating element 120 to the predetermined temperature 

2 0 regardless of the quantity of intake air. 

The duty ratio of the ON-OFF switching of the semiconductor switch 
110 is also adjusted to control the temperature of the electrothermal 
heating element 120 in multiple stages. Accordingly, the temperature of 
intake air can be regulated to an appropriate temperature for an operating 

2 5 condition of the internal combustion engine. This makes it possible to 
realize various heating modes according to the operating conditions of the 
internal combustion engine. 

In the air heater system 200 for a vehicle having the above structure 
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and circuits, the semiconductor switch 110 is placed so that the junction 
temperature of the semiconductor switch 110 becomes the shut-off 
temperature (150°C) as soon as the temperature of the electrothermal 
heating element 120 rises over the convergence temperature (300°C) for 
5 any reason (failure) as mentioned above. Thus, the temperature of the 
semiconductor switch 110 becomes the shut-off temperature (150°C) in the 
case where the temperature of the electrothermal heating element 120 
rises over the convergence temperature (300°C) as well as the case where 
the semiconductor switch 110 reaches the shut-off temperature (150°C) by 

10 self-heating. The overtemperature protecting circuit 118 (the 
overtemperature protecting function) interrupts % the current II flowing 
between the drain and the source, bringing the semiconductor switch 110 
in an OFF state. This interrupts the energization to the electrothermal 
heating element 120, making it possible to suppress an abnormally 

15 excessive rise of temperature of the electrothermal heating element 120 
over the convergence temperature (300°C). Consequently, it is possible to 
prevent the electrothermal heating element 120 and the frame 130 from 
being deteriorated, melted, or deformed which may be caused by an 
abnormal rise of temperature of the electrothermal heating element 120 

2 0 over the convergence temperature (300°C). 

In the present embodiment, particularly, most part of the frame 130 
is constructed of the resinous part 132. The air heater unit for a vehicle 
using such frame including the resinous part has a problem that the 
resinous part may be softened or deformed into a nonusable state. 

2 5 However, in the present embodiment as described above, the 

abnormally excessive rise of temperature of the electrothermal heating 
element 120 over the convergence temperature (300°C) is prevented and 
the frame 130 includes the resinous part 132 arranged in a position so that 



38 

the temperature of the resinous part 132 of the frame 130 remains below 
the deflection temperature under load (260°C) even where the temperature 
of the electrothermal heating element 120 reaches the convergence 
temperature (300°C). Accordingly, there is no possibility that the resinous 
5 part 132 of the frame 130 is increased in temperature over the deflection 
temperature under load (260°C) which may cause softening or deformation 
of the resinous part 132 of the frame 130. The resinous part 132 can 
maintain rigidity adequate for actual use. The air heater unit 100 for a 
vehicle can be reduced in weight by an amount of the metallic part 

10 substituted by the resinous part 132 as compared with a conventional air 
heater unit for a vehicle with a frame entirely made of metal. 

The heating of intake air by means of the air heater system 200 for a 
vehicle is explained with reference to a flowchart shown in Fig. 5 

When a keyswitch of an engine is first turned on, causing the 

15 application of voltage to the ECU 210, and the ECU 210 starts operating, a 
program in the ECU 210 is initialized in step SI. Specifically, a flag 
indicating "in-preheating" is set, and a preheating counter Tl is set at 0 
and an afterheating counter T2 is set at 0. Then, in following step S2, it 
is determined whether or not the in-preheating flag has been set. 

2 0 If the in-preheating flag has been set, a flow advances to step S3 in 

which energization for preheating is started. In the present embodiment, 
the energization for preheating is performed at a 100% duty ratio. To be 
more specific, the semiconductor switch 110 remains turned ON through 
the electrical lead 182. In following step S4, the preheating counter Tl 

2 5 corresponding to a preheating duration is accumulated. Specifically, the 
flow returns to step S2 every time a predetermined cycle time elapses in 
step S7 as mentioned later. Every time the flow passes through step S4, 
the preheating counter Tl is incremented by 1. In following step S5, it is 
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determined whether or not the preheating counter Tl has reached the 
number of times Tp the preheating is set, corresponding to a termination 
time of preheating. In the present embodiment, one cycle time is set at 
0.05 second and the number of preheating setting times is set at 200, i.e., 
5 the termination time of preheating is set at 10 seconds. 

If the preheating counter Tl has not reached yet the predetermined 
number of preheating setting times Tp (NO), the flow advances to step S7 
in which it is determined whether or not the cycle time has elapsed. This 
determination is repeated until the cycle time has elapsed. After the 

10 lapse of the cycle time, the flow returns to step S2 again and the above 
operations are repeated to maintain the preheating. If the preheating 
counter Tl has reached the number of preheating setting times TpJ YES in 
step S5, the flow advances to step S6 in which the in-preheating flag is 
cleared. After the lapse of the cycle time in step S7, the flow returns to 

15 step S2. 

In step S2, accordingly, it is determined that the in-preheating flag 
has not been set (NO). The preheating period is terminated and the flow 
advances to step S8. In step S8, the voltage V of the vehicle-mounted 
battery 220 (the voltage to be applied to the electrothermal heating 

2 0 element 120) is detected through the electrical lead 181. In step S9, 
further, the current 12 is detected through the electrical lead 184. Thus, 
intensity of the current II flowing in the electrothermal heating element 
120 is determined. In step SA, a resistance value Rl of the electrothermal 
heating element 120 is calculated based on the voltage V and the current 

2 5 II obtained in steps S8 and S9. 

The flow then advances to step SB in which it is determined whether 
or not the resistance value Rl of the electrothermal heating element 120 is 
a value between a reference resistance lower limit TH1 ("Initial resistance 
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value Rc of the electrothermal heating element 120" x 80% in the present 
embodiment) and a reference resistance upper limit TH2 ("Initial 
resistance value Rc of the electrothermal heating element 120" x 20% in 
the present embodiment). If the resistance value Rl is smaller than the 
5 reference resistance lower limit TH1 or larger than the reference 
resistance upper limit TH2, the flow advances to step SC in which a signal 
indicating a failure is output. At this time, the ECU 210 can operate a 
warning device 230 (see Fig. 4) connected thereto to warn a driver of a 
failure of the air heater system 200 for a vehicle (for example, by turning 

10 on a warning lamp on a driver's side). The flow then advances to step SH 
in which the afterheating is terminated. 

If the resistance value Rl is between the reference resistance lower 
limit TH1 and the reference resistance upper limit value TH2, the flow 
advances to step SD in which the duty ratio in the afterheating is 

15 calculated to bring the resistance value Rl of the electrothermal heating 
element 120 to a predetermined resistance value Rb. Specifically, the 
duty ratio of ON-OFF switching of the semiconductor switch 110 is 
calculated according to the voltage V of the vehicle-mounted battery 220 so 
that the resistance value Rl of the electrothermal heating element 120 

2 0 becomes the resistance value Rb corresponding to a predetermined 
temperature of the electrothermal heating element 120 in the afterheating. 
The electric power supply to the electrothermal heating element 120 is 
controlled using the duty ratio calculated in the above manner. 
Accordingly, the temperature of the electrothermal heating element 120 

2 5 can be regulated to a predetermined temperature. 

The flow advances to step SE in which energization for afterheating 
is performed by use of the calculated duty ratio. To be concrete, the 
ON-OFF switching of the semiconductor switch 110 are repeated at a time 



41 



rate determined based on the duty ratio. The flow then advances to step 
SF in which the afterheating counter T2 is accumulated. Specifically, as 
with the preheating counter Tl, the afterheating counter T2 is 
incremented every time the flow passes through the step SC. In following 
5 step SG, it is determined whether or not the afterheating counter T2 has 
reached the number of times Ta the afterheating is set, corresponding to a 
termination time of the afterheating. In the present embodiment, the 
number of afterheating setting times Ta is set at 12000 and hence the 
afterheating termination time is set at 600 seconds. 

10 If the afterheating counter T2 has not reached yet the number of 

afterheating setting times Ta (NO), the flow advances to step S7 and 
returns to step S2 again after the lapse of the cycle time. The above 
operations are repeated to maintain the afterheating. If the afterheating 
counter T2 has reached the number of afterheating setting times Ta, YES 

15 in step SG, the flow advances to step SH in which the afterheating is 
terminated. In the present embodiment, the preheating and afterheating 
(control of the resistance value of the electrothermal heating element 120 
by the PWM control) are performed in the above way. 

Meanwhile, there has recently been proposed a technique for 

2 0 returning unburned gas that flows out of an internal combustion engine to 
an air-intake side, burning the gas there, in order to prevent discharge of 
the unburned gas out of a vehicle for environmental protection. Further, 
there has also been proposed another technique (EGR) for returning part of 
exhaust air to an air-intake side to enhance thermal efficiency of an 

2 5 internal combustion engine. However, the returning of unburned gas or 
exhaust air to the air-intake side may cause a problem that contaminants 
in the unburned gas or exhaust gas adhere to the electrothermal heating 
element 120, causing a decrease in the resistance value of the 
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electrothermal heating element 120, further leading to a short circuit in 
the electrothermal heating element 120. In this case, there are risks that 
excessive load of electric power may be applied to the semiconductor switch 
110, and circuit wiring connecting between the electrothermal heating 
5 element 120 and the semiconductor switch 110 is melted down. 

In the air heater system 200 for a vehicle, on the other hand, it is 
determined in step SB whether or not the resistance value Rl of the 
electrothermal heating element 120 is between the reference resistance 
lower limit TH1 and the reference resistance upper limit TH2. If the 

10 resistance value Rl is smaller than the reference resistance lower limit 
TH1 or larger than the reference resistance upper limit TH2, a signal 
indicating a failure is output in step SC. Therefore the ECU 210 can 
operate the warning device 230 (see Fig. 4) connected thereto to warn a 
driver of the failure of the air heater system 200 for a vehicle (e.g., a short 

15 circuit in the electrothermal heating element 120), for example, by turning 
on a warning lamp on a driver's side. 

In the air heater system 200 for a vehicle in the present embodiment, 
when the temperature of the semiconductor switch 110 has reached the 
shut-off temperature (150°C) by self-heating, the semiconductor switch 110 

2 0 is automatically turned OFF by the overtemperature protecting circuit 118. 
Even where the temperature of the electrothermal heating element 120 
rising over the convergence temperature (300°C) for any reason (failure), 
the heat thereof is conducted to the semiconductor switch ilO through the 
metallic part 133 of the frame, and the temperature of the semiconductor 

25 switch 110 rapidly becomes the shut-off temperature (150°C). That is, in 
each of the above cases, the preheating or afterheating is interrupted 
(stopped). 

It is accordingly possible to prevent malfunction and breakdown of 
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the semiconductor switch 110 which may be caused by the excessive rise of 
temperature over the shut-off temperature (150°C). It is also possible to 
prevent deterioration, meltdown, and deformation of the electrothermal 
heating element 120 and the frame 130 which may be caused by an 
5 excessive rise of temperature of the electrothermal heating element 120 
over the convergence temperature (300°C) for any reason (failure), 
particularly to prevent the resinous part 132 of the frame 130 from 
becoming softened and deformed, thus maintaining rigidity adequate for 
actual use. 

10 An air heater unit 300 for a vehicle and an air heater system 400 for 

a vehicle, which are a first modification of the above preferred embodiment, 
will be explained below referring to Figs. 6 and 7. The air heater unit 300 
for a vehicle in the first modification is different in a semiconductor switch 
from and similar in other components to the air heater unit 100 for a 

15 vehicle in the above-mentioned embodiment. The air heater system 400 
for a vehicle in the first modification has the semiconductor switch 
different from that of the air heater system 200 for a vehicle in the 
embodiment, and additionally provides processing of an excessive rise of 
temperature of the electrothermal heating element and uses a modified 

2 0 calculation technique for the duty ratio in the afterheating. Thus, the 
following explanation will be focused on different parts from the above 
embodiment and the explanation of similar parts are omitted or simplified. 

In the first modification, similar to the embodiment, the resinous 
part 132 is made of PPS and arranged so that the temperature of the 

2 5 resinous part 132 remains below the deflection temperature under load 
(260°C) even when the electrothermal heating element 120 reaches the 
convergence temperature (300°C). 

Fig. 6 is a circuit diagram of the air heater system 400 for a vehicle 
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in the first modification, including the air heater unit 300 for a vehicle and 
the ECU 200. As shown in Fig. 6, in the first modification, a 
semiconductor switch 310 is used instead of the semiconductor switch 110 
used in the above-mentioned embodiment. In the first modification, used 
5 as the semiconductor switch 310 is IGBT, No. MG200Q2YS60A, made by 
Toshiba Semiconductor Co., Ltd. This semiconductor switch 310 has a 
basic configuration of the IGBT and includes a first to fourth switch 
terminals 311 to 314. The first switch terminal 311 is a terminal for 
electric power output, the second switch terminal 312 is a terminal for 

10 input of an energization control signal (ON-OFF signal), the third switch 
terminal 313 is a terminal for electric power input, and the fourth switch 
terminal 314 is a terminal for output of an overtemperature signal. 

The air heater system 400 for a vehicle is electrically connected to 
the vehicle-mounted battery 220 having one terminal connected to ground. 

15 Accordingly, the third switch terminal 313 of the semiconductor switch 310 
is electrically connected to the battery 220. Further, the first switch 
terminal 311 of the semiconductor switch 310 is connected to the second 
contact terminal 150 and the third contact terminal 160 is grounded 
through the electrothermal heating element 120. With this structure, 

2 0 electric power is supplied to the electrothermal heating element 120 from 
the battery 220 through the semiconductor switch 310, thereby heating gas 
(intake air) passing through the air-intake path. As shown in Fig. 6, the 
semiconductor switch 310 is connected to the battery 220 and connected in 
series with the electrothermal heating element 120. 

2 5 Further, the second switch terminal 312 of the semiconductor switch 

310 is connected to the ECU 210 through the electrical lead 182. This 
makes it possible to control the ON-OFF switching of the semiconductor 
switch 310 by the ECU 210. The second contact terminal 150 of the air 
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heater 301 is connected to the ECU 210 through the electrical lead 181. 
Accordingly, the ECU 210 can detect the voltage V to be applied to the 
electrothermal heating element 120. 

The fourth switch terminal 314 is connected to the ECU 210 through 
5 the electrical lead 184. With this structure, an overtemperature warning 
signal, output from the fourth switch terminal 314, can be transmitted to 
the ECU 210 when the junction temperature of the semiconductor switch 
310 reaches a warning temperature. The warning temperature of the 
semiconductor switch 310 is set at 125°C. 

10 In the air heater system 400 for a vehicle having the above structure 

and circuits, similar to the above embodiment, the semiconductor switch 
310 is placed in a predetermined region of the frame 130 so that the 
junction temperature becomes the warning temperature (125°C) as soon as 
the temperature of the electrothermal heating element 120 rises over the 

15 convergence temperature (300°C). Thus, the junction temperature of the 
semiconductor switch 310 becomes the warning temperature (125°C) 
rapidly even where the temperature of the electrothermal heating element 
120 rises over the convergence temperature (300°C) as well as the case 
where the temperature of the semiconductor switch 310 reaches the 

2 0 warning temperature (125°C) by self-heating. The overtemperature 
warning signal is thus output. 

The heating of intake air by means of the air heater system 400 for a 
vehicle is explained with reference to a flowchart shown in Fig. 7. The 
explanation of similar parts to those in the air heater system 200 for a 

2 5 vehicle in the embodiment is omitted or simplified. 

When a keyswitch of an engine is first turned on, causing the 
application of voltage to the ECU 210, and the ECU 210 starts operating, a 
program of the ECU 210 is initialized in step SI in the same manner as 



46 

with the above embodiment. A flow advances to step U2 in which it is 
determined whether or not an overtemperature warning signal is output 
from the semiconductor switch 310. If no overtemperature warning signal 
is output (NO), the flow advances to step S2 in which it is determined 
5 whether or not an in-preheating flag has been set. 

If the in-preheating flag has been set, the flow advances to step S3 in 
which energization for preheating is started. In the first modification, the 
energization for preheating is performed at a 100% duty ratio as with the 
embodiment. In following steps S4 and S5, in the same manner as with 

10 the embodiment, the preheating counter Tl is accumulated and it is 
detected whether or not the preheating counter Tl has reached the number 
of preheating setting times Tp. In the first modification, as with the 
embodiment, one cycle time is set at 0.05 second and the number of 
preheating setting times is set at 200, i.e., the termination time of 

15 preheating is set at 10 seconds. 

If the preheating counter Tl has not reached yet the predetermined 
preheating Tp (NO), the flow advances to step S7 and returns to step U2 
again after a lapse of the cycle time for repeating the above mentioned 
operations to maintain the preheating. However, if the overtemperature 

2 0 warning signal is detected; YES in step U2, the flow advances to step UH 
to terminate the preheating. This makes it possible to prevent the 
semiconductor switch 310 from rising over the warning temperature 
(125°C) for a long term. It is also possible to prevent an abnormally 
excessive rise of temperature of the electrothermal heating element 120 

2 5 over the convergence temperature (300°C) for any reason (failure). 

It is accordingly possible to prevent malfunction and breakdown of 
the semiconductor switch 310 which may be caused by the excessive rise of 
temperature over the warning temperature (125°C). It is also possible to 
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prevent deterioration, meltdown, and deformation of the electrothermal 
heating element 120 and the frame 130 which may be caused by an 
excessive rise of temperature of the electrothermal heating element 120 
over the convergence temperature (300°C) for any reason (failure), 
particularly to prevent the resinous part 132 of the frame 130 from 
becoming softened and deformed, thus maintaining rigidity adequate for 
actual use. 

If the preheating is continued and the preheating counter Tl has 
reached the number of preheating setting times Tp; YES in step S5, the 
flow advances to step S6 in which the in-preheating flag is cleared and, 
after the lapse of the cycle time in step S7, returns to step S2. If no 
overtemperature warning signal is detected; NO in step U2, the flow 
advances to step S2. In step S2, it is determined that the in-preheating 
flag has not been set (NO). The preheating period is thus terminated and 
the flow advances to step S8 in which the voltage V of the vehicle-mounted 
battery 220 (the voltage to be applied to the electrothermal heating 
element 120) is detected in the same manner as with the embodiment. 

The flow then advances to step UD in which the duty ratio (D) in the 
afterheating is calculated to bring the temperature of the electrothermal 
heating element 120 to a predetermined temperature. To be concrete, 
assuming that initial voltage Vb of the vehicle -mounted battery 220 is Vb 
and the duty ratio set in advance based on this initial voltage Vb is Db, the 
duty ratio can be calculated by for example D=Db (V/Vb) 2 . Accordingly, 
the duty ratio D of the ON-OFF switching of the semiconductor switch 310 
according to the voltage V of the vehicle-mounted battery 220 can be 
calculated. The electric power supply to the electrothermal heating 
element 120 is controlled using the calculated duty ratio "D", so that the 
temperature of the electrothermal heating element 120 can be regulated to 
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a predetermined temperature. 

The flow then advances to step SE in which energization for 
afterheating is performed by use of the calculated duty ratio "D". To be 
concrete, the ONOFF switching of the semiconductor switch 310 is 
5 repeated at a time rate determined based on the duty ratio. The flow 
advances to step SF in which the afterheating counter T2 is accumulated. 
Specifically, as with the preheating counter Tl, the afterheating counter T2 
is incremented every time the flow passes through the step SE. In 
following step SG, it is determined whether or not the afterheating counter 

10 T2 has reached the number of afterheating setting times Ta corresponding 
to the termination time of the afterheating. In the first modification, as 
with the embodiment, the number of afterheating setting times Ta is set at 
12000 and hence the afterheating termination time is set at 600 seconds. 

If the afterheating counter T2 has not reached yet the number of 

15 afterheating setting times Ta (NO), the flow advances to step S7 and 
returns to step U2 again after the lapse of the cycle time. The above 
operations are repeated to maintain the afterheating. If the 
overtemperature warning signal is detected; YES in step U2, the flow 
advances to step UH as in the case of the preheating, and the afterheating 

2 0 is terminated. This makes it possible to restrain the semiconductor 310 
from rising over the warning temperature (125°C) for a long time. 
Alternatively, it is possible to prevent an abnormally excessive rise of 
temperature of the electrothermal heating element 120 over the 
convergence temperature (300°C) for any reason (failure). 

2 5 On the other hand, if the afterheating is continued and the 

afterheating counter T2 has reached the number of afterheating setting 
times Ta; YES in step SG, the flow advances to step UH to terminate the 
afterheating. In the first modification, the preheating and afterheating 
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are performed in the above manner. 

Next, an air heater unit 500 for a vehicle and an air heater system 
600 for a vehicle which are a second modification of the above preferred 
5 embodiment, will be explained below referring to Figs. 8 and 9. The air 
heater unit 500 for a vehicle in the second modification is different in a 
frame of an air heater from and similar in other components to the air 
heater unit 100 for a vehicle in the above-mentioned embodiment. The air 
heater system 600 for a vehicle in the second modification has a circuit 
10 configuration identical to that in the air heater system 200 in the above 
embodiment, whereby performing control for heating intake air in the 
same manner as in the air heater system 200 for a vehicle in the 
embodiment (see Fig. 5). 

Accordingly, the following explanation will be focused on different 
15 parts from the above embodiment and the explanation of similar parts are 
omitted or simplified. 

Fig. 8 is a view showing the air heater unit 500 for a vehicle in the 
second modification; (a) is a plan view and (b) is a side view. The air 
heater unit 500 for a vehicle includes an air heater 501 and wiring board 
2 0 570, both being different from those in the embodiment, and the 
semiconductor switch 110 identical to that in the embodiment. 

The air heater 501 includes a frame 530 different from that in the 
embodiment, the electrothermal heating element 120 and the first, second, 
and third contact terminals 140, 150, and 160, each being identical to that 
2 5 in the embodiment. 

The frame 530 is made of aluminum alloy, which is a metallic body 
moulded in a substantially rectangular ring shape by Die Casting. This 
frame 530 is formed with four mounting holes 531, each extending through 
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the frame 530 to open at a front surface 530d and a back surface 530e, and 
a first through hole 532b, a second through hole 532c, and a third through 
hole 532d, each extending through the frame 530 to open at an internal 
surface 530b and an external surface 530c. Further, the internal surface 
5 530b of the frame 530 is formed with two recesses 533 oppositely disposed. 

Each of these two recesses 533 holds a metallic bracket 135 identical 
to that in the embodiment. In this metallic bracket 135 (in each recess), 
an insulator 136 is provided and a plate spring 137 is interposed between 
the bracket 135 and the insulator 136. 

10 The first, second, and third contact terminals 140, 150, and 160 are 

inserted in the first, second, and third through holes 532b, 532c, and 532d 
of the frame 530 respectively through respective insulation washers 186. 
For insulation between the frame 530 and the first, second, and third 
contact terminals 140, 150, and 160, insulation sleeves 585 are fitted in the 

15 first, second, and third through holes 532b, 532c, and 532d respectively. 

The wiring board 570 has a main board 575 made of aluminum 
ceramic and a first conductor layer 571 to a fourth conductor layer 574 
each being formed on a main surface 575b, as shown in Fig. 9. The main 
board 575 is formed with mounting holes 575c and 575d in which the first 

2 0 and second contact terminals 140 and 150 are inserted. The first 
conductor layer 571 is formed in an area including the peripheral portion 
of the mounting hole 575c and is connected to the first contact terminal 
140 when mounted in the frame 530. The second conductor layer 572 is 
formed in an area including the through hole 575d and is connected to the 

2 5 second contact terminal 150 when mounted in the frame 530. 
Respectively connected with the third and fourth conductor layers 573 and 
574 are a third and fourth terminals 173b and 174b each of which is a 
metallic pin. These third and fourth terminals 173b and 174b are 
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connected, through a connector terminal 183, with electrical leads 182 and 
184 respectively for connection to an ECU 210 (see Figs. 4 and 8). 

The semiconductor switch 110 is mounted on the wiring board 570 as 
shown in Fig. 8 and is fixed on the frame 530 through the wiring board 570. 
5 Specifically, as shown in Fig. 9, the tab 116 of the semiconductor switch 
110 is electrically connected to the first conductor layer 571 by soldering. 
Similarly, the first and fifth connector pins 111 and 115 are electrically 
connected to the second conductor layer 572, the second connector pin 112 
is electrically connected to the third conductor layer 573, and the fourth 
10 connector pin 114 is electrically connected to the fourth conductor layer 
574. 

The wiring board 570 on which the semiconductor switch 110 is 
mounted in the above way is fixed on the frame 530 with nuts 187 by 
fitting the mounting holes 575c and 575d onto the first and second contact 

15 terminals 140 and 150 respectively. A washer terminal 181b attached 
with an electrical lead 181 for connection to the ECU 210 is also fitted on 
the second contact terminal 150 (see Figs. 4 and 8). 

In the second modification, as is in the case with the embodiment, 
the semiconductor switch 110, the wiring board 570, and others are covered 

2 0 with silicone resin in order to render the semiconductor switch 110, the 
wiring board 170, and others waterproof. Specifically, provided is a 
box-shaped casing 590 made of resin (PPS) having mounting holes 590b 
and 590c for insertion of the first and second contact terminals 140 and 
150. The casing 590 is attached to the frame 530 prior to the mounting of 

2 5 the wiring board 570 by fitting the mounting holes 590b and 590c onto the 
first and second contact terminals 140 and 150 respectively. When the 
wiring board 570 with the semiconductor switch 110 and others fixed 
thereon is mounted in the above manner, these are set in the casing 590. 
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Then, this casing 590 is filled with silicone resin to cover the 
semiconductor switch 110, the wiring board 570, and others with resin. 

The thus structured air heater unit 500 for a vehicle is fixedly placed, 
as with the air heater unit 100 for a vehicle in the embodiment, in an 
5 air-intake path connecting an air cleaner not shown to an intake manifold 
of an internal combustion engine. This makes it possible to appropriately 
heat the intake air in the air heater system 600 for a vehicle (including the 
air heater unit 500 for a vehicle and the ECU 210) in the second 
modification as with the air heater system 200 for a vehicle in the 
10 embodiment. 

Although the present invention is explained in the preferred 
embodiment and the first and second modifications as above, the present 
invention is not limited to the above embodiments and may be embodied in 
15 other specific forms without departing from the essential characteristics 
thereof. 

For instance, in the above embodiments, the semiconductor switches 
110 and 310 are fixed to the frames 130 through the wiring boards, but the 
semiconductor switches may be directly fixed to the frames 130. 

2 0 The wiring board 170 made of aluminum ceramic is used in the above 

embodiments, but the material of the wiring board is not limited to the 
aluminum ceramic. For example, a metallic wiring board having an 
insulation layer on a front surface, such as an enamel board, may be used. 

In the embodiment and first modification, the resinous part 132 of 

2 5 the frame 130 is made of PPS having a lower deflection temperature under 
load than the convergence temperature (300°C) of the electrothermal 
heating element 120, but the material of the resinous part 132 is not 
limited thereto. However, if the resinous part of the frame is made of 
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resin having a lower deflection temperature under load than the 
convergence temperature of the electrothermal heating element 120, as is 
in the case with the above mentioned embodiments, this resinous part has 
to be arranged in a place where the temperature of the resinous part 
5 remains below the deflection temperature under load even when the 
temperature of the electrothermal heating element 120 reaches the 
convergence temperature. 

On the other hand, the resinous part of the frame may of course be 
made of resin having a higher deflection temperature under load than the 

10 convergence temperature of the electrothermal heating element 120. 
Specifically, the resinous part of the frame may be made of polyimide 
having a higher deflection temperature under load (360°C) than the 
convergence temperature (300°C) of the electrothermal heating element 
120. If the resinous part of the frame is made of the resin having the 

15 higher deflection temperature of the electrothermal heating element in this 
way, the resinous part of the frame may not be softened and deformed even 
when the electrothermal heating element is at the convergence 
temperature. It is therefore possible to provide higher design freedom to 
the frame including the resinous part. 

2 0 In the embodiment, the preheating is terminated and followed by the 

afterheating if the preheating counter Tl has reached the number of 
preheating setting times Tp (where the preheating termination time has 
elapsed) in step S5. A heating mode switching method is, however, not 
limited to such manner. For instance, it may be arranged that the voltage 

2 5 V of the vehicle-mounted battery 220 and the current 12 are detected in the 
preheating as in the case of the afterheating and the resistance value Rl of 
the electrothermal heating element 120 is calculated. If this resistance 
value Rl has reached a predetermined resistance value (that is, if the 
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electrothermal heating element 120 has reached the predetermined 
temperature), a heating mode (the afterheating in the embodiment) is 
switched to another heating mode. Alternatively, it may be arranged to 
calculate an accumulated amount of electric power having been applied to 
5 the electrothermal heating element 120 based on the voltage V of the 
vehicle-mounted battery 220 and the current 12. If this accumulated 
amount of electric power has reached a predetermined value, the heating 
mode is switched to a next heating mode. This is because the temperature 
of the electrothermal heating element 120 and the accumulated amount of 

10 electric power are in a corresponding relation in the preheating stage. 

In the first modification, the preheating or afterheating is 
terminated if the overtemperature warning signal is detected in step U2 
(YES). However, the preheating or afterheating may be suspended 
without being terminated and be restarted after no overtemperature 

15 warning signal becomes output. 

INDUSTRIAL APPLICABILITY 

As clearly seen in the above description, according to the present 
invention, an air heater unit for a vehicle and air heater system capable of 
2 0 easily controlling energization to an air heater can be provided. 



